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Neonatal and postneonatal mortality by
maternal education—a population-based study
of trends in the Nordic countries, 1981–2000
Annett Arntzen1, Laust Mortensen2, Ole Schnor2, Sven Cnattingius3,
Mika Gissler4, Anne-Marie Nybo Andersen2,5
Background: This study examined changes in the educational gradients in neonatal and postneonatal
mortality over a 20-year period in the four largest Nordic countries. Methods: The study populations
were all live-born singleton infants with gestational age of at least 22 weeks from 1981 to 2000 (Finland
1987–2000). Information on births and infant deaths from the Medical Birth Registries was linked to
information from census statistics. Numbers of eligible live-births were: Denmark 1 179 831, Finland 834
299 (1987–2000), Norway 1 017 168 and Sweden 1 971 645. Differences in mortality between education
groups were estimated as risk differences (RD), relative risks (RR) and index of inequality ratio (RII).
Results: Overall, rates of infant mortality were in Denmark 5.9 per 1000 live-births, in Finland 4.2
(1987–2000), in Norway 5.3 and in Sweden 4.7. Overall the mortality decreased in all educational
groups, and the educational level increased in the study period. The time-trends differed between
neonatal and postneonatal death. For neonatal death, both the absolute and relative educational
differences decreased in Finland and Sweden, increased in Denmark, whereas in Norway a decrease in
absolute differences and a slight increase in relative differences occurred. For postneonatal death, the
relative educational differences increased in all countries, whereas the absolute differences decreased.
Conclusions: All educational groups experienced a decline in infant mortality during the period under
study. Still, the inverse association between maternal education and RR of postneonatal death has
become more pronounced in all Nordic countries.
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Introduction
Infant mortality is widely used as an indicator of publichealth, quality of health services, distribution of wealth and
the general standard of living in a society.1,2 A consistent long-
term investment in social welfare and health care has gone
alongside a substantial reduction in infant mortality in the
Nordic countries in the 20th century.3
Despite low risk of infant death and relatively small social
differences in the Nordic countries, previous studies have
observed constant and even increasing social inequalities in
infant mortality.3–5 It has been difficult to draw inferences
from the earlier comparisons between the countries, since
different inclusion criteria as well as measures and classifica-
tions of social position were used.6,7 In addition, the social
pattern differ between neonatal- and postneonatal death.5
To elucidate any systematic differences between the Nordic
countries in the association between socio-demographic
factors and infant mortality and changes over time, we
have taken advantage of the population-based registers and
constructed a dataset for comparative analysis. Due to a
unique personal identification number system, it has been
possible to link parental census information to data in the
Medical Birth Registries. This study represents the largest
Nordic study of the association between educational level and
infant mortality and it’s development in Denmark, Finland,
Norway and Sweden over the past two decades.
More specifically, we aimed to assess if the educational
gradients in neonatal and, postneonatal mortality were
increasing, stable or decreasing in the four Nordic countries
between 1981 and 2000.
Methods
Study population
The Medical Birth Registries in the Nordic countries contain
information on all live-births and fetal deaths. All live-born
singletons from 1981 to 2000 (Finland 1987–2000) with a
gestational age of 22 weeks or more were studied. In all, we
included from Denmark 1 179 831 infants, from Finland 834
299 infants, from Norway 1 017 168 infants and from Sweden
1 971 645 infants. These registry data were linked to informa-
tion from national registers and censuses on parental educa-
tional levels and other socio-demographic factors. The infants
were allocated to four time periods, each of them 5 years.
Variables
Infant (0–364 days) death was divided into neonatal (0–27
days) death and postneonatal (28–364 days) death, which were
used as outcome variables. Neonatal and postneonatal
mortality rates were expressed as deaths per 1000 live-born
infants. The number of infant death was 6956 in Denmark
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(4330 neonatal and 2626 postneonatal deaths), 3504 in Finland
(2339 neonatal and 1165 postneonatal deaths), 5433 in
Norway (3118 neonatal and 2315 postneonatal deaths) and
9224 in Sweden (5673 neonatal and 3551 postneonatal deaths).
The independent variables were maternal education, mater-
nal age and parity. Information on educational level was
obtained from national educational registries and censuses,
and refers to the number of years of education attained by
year 2000 by all mothers in the study. The categorization
of education was based on the International Standard
Classification of Education (ISCED).8 Three groups were
distinguished: high education refers to more than 12 years of
education (ISCED codes 5–8), medium education refers to
10–12 years education (ISCED codes 3–4) and low education
refers to less than 10 years education (ISCED codes 0–2). In
Finland, the group with less than 10 years of education also
consists of mothers with unknown education, since the basic,
compulsory education of 9 years was not registered in the
Finnish Education Register. Mother’s age at delivery was
categorized as younger than 20 years, 20–34 years and 35 years
or older. Parity was dichotomized as primiparity and multi-
parity. (Supplementary data)
Statistical methods
The association between maternal education and the risk of
neonatal and postneonatal death was estimated as absolute risk
differences (RD) using linear regression, while relative risks
(RR) and relative index of inequality (RII) were estimated
using log binomial regression.9,10 The RII was calculated by
assigning to each educational category a score corresponding
to the midpoint of the category’s range in the cumulative
distribution of education in the population a given year.11
Consequently, all values of the score variable fell within the
range of 0 and 1 and, included as a continuous variable in
the log-binomial regression. The RII can be interpreted as the
RR between the lowest and highest education. Tables 1 and 2
present crude risk measures of the relation between maternal
educational level and neonatal and postneonatal mortality,
respectively. Tables 3 and 4 also present the adjusted RR, where
both the maternal age and parity were included in the model
in addition to maternal education. All results are presented
together with 95% confidence intervals. SAS statistical software
was used in the analyses.
Results
Characteristics of the study population are described in
Supplementary data. The number of births among teenagers
decreased markedly during the last decades, especially in
Denmark and Norway and the proportion of older (35 years or
more) mothers increased in all countries. The educational level
increased considerably from the 1981 to 2000 in Denmark,
Finland and Norway. The proportion of mothers with at least
13 years of education increased from 28.8% to 31.9% in
Denmark, from 38.6% to 44.5% in Finland (1987–2000) and
from 30.3% to 38.4% in Norway. The same tendencies were
found for the fathers (data not shown). In contrast, there were
virtually no changes over time in percentage of mothers and
fathers with high education in Sweden.
Figure 1 shows the decrease in infant mortality rates in the
period 1981–2000 in Denmark, Finland, Norway and Sweden.
From the 1990s, Finland, Sweden and Norway have had fairly
similar infant mortality rates while the rate was considerably
higher in Denmark.
Figure 2 shows the decline in neonatal and postneonatal
mortality rates between earliest and latest period under study
by maternal education in all four Nordic countries. Infants
to mothers with low education generally had the largest Ta
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decrease in neonatal and postneonatal over the whole study
period. The exceptions are neonatal mortality in Denmark and
postneonatal mortality in Sweden, where mortality of infants
with low educated mothers showed less favourable develop-
ments compared with mortality of infants to mothers with
high education.
For neonatal mortality, both absolute and relative measures
showed similar trends (table 1). In Denmark and Finland, the
differences by maternal education were largest in 1991–95,
whereas in Norway and Sweden the differences were largest in
1986–90. In the last period (1996–2000) both the absolute and
relative educational differentials for neonatal mortality were
smaller in Finland and in Sweden compared with the earliest
period, whereas the differences increased in Denmark. In
Norway, a substantial decrease occurred for absolute differ-
ences, but the relative differences increased slightly.
For postneonatal mortality, the absolute and relative
differences peaked at different periods (table 2). In Denmark
and Norway the absolute differences peaked in 1986–90 and in
Finland and Sweden the RD were largest in 1991–95. The
relative and absolute differences in postneonatal mortality
peaked at the same time only in Finland, whereas in Denmark
the relative differences were highest in 1991–95. In Norway
and Sweden, the relative differences increased continuously
throughout the study period. Compared with the earliest
period, the relative educational differences in postneonatal
mortality had increased in all Nordic countries by the years
1996–2000, whereas the absolute differences decreased in
Denmark, Finland and Norway.
We found a persistent inverse association between maternal
educational level and RR of neonatal death, and adjusting for
maternal age and parity did generally not change these
estimates (table 3). However, for mothers with middle
education in Denmark 1991–95 and for low educated mothers
in Finland in 1996–2000, adjusting for maternal age and parity
increased the risk of neonatal mortality to a statistically
significant level.
Table 4 shows a persistent inverse association between
mothers’ educational level and postneonatal mortality. The RR
reveal an increasing inverse association between educational
level and postneonatal mortality in Denmark, Norway and
Sweden. In Finland the highest risk ratio for low educated
mothers was found in the period 1991–95. When maternal age
and parity were included in the model, the RR generally
decreased, but remained statistically significant. These arre-
nuation of risk were largely an effect of maternal age (data not
shown).
Discussion
The risk of infant death decreased considerably in all
educational groups in the Nordic countries from 1981 to
2000. Nevertheless, the inverse association between maternal
education and infant death persists throughout the whole
period of observation. For neonatal mortality, both absolute
and relative differences by maternal education decreased in
Finland and Sweden, but increased in Denmark. In Norway
there was a decrease in absolute differences in neonatal
mortality, and a slight increase in relative differences. For
postneonatal mortality, the relative differences by maternal
education had increased in all Nordic countries, whereas the
absolute differences had decreased. Another important finding
was that the reduction in absolute risk from the 1980s to 2000
was highest for infants to low and medium educated mothers,
compared with those whose mothers had high education.
The size and completeness of the longitudinal dataset
is a major strength in this study. It includes both medical
and social information about the total population ofT
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live-born infants. Infant mortality is considered to be 100%
ascertained in the Nordic Medical Birth Registries.12–15
The information on educational level from Censuses and
Educational registers have high ascertainment and high
reliability.4 The included variables have been recorded in a
consistent way over time by the Medical Birth Registries and
official statistics. Thus, it is unlikely that the results can be
explained by selection bias, changes in coding or classifica-
tions. All updated coding and classification systems have been
retrospectively implemented in the national register systems in
all study countries for the whole study period.
Acquiring the information of mothers’ education only at
one point of time, i.e. in 2000, can be considered as a weakness
of this study, as the educational level measured in 2000 may
differ from the attained education at the time of giving birth.
If the highest educational level was completed after birth was
given, then we likely have overestimated the level of education
and underestimated the educational differences. It has become
more common to complete secondary education or start with
higher education later in life and we do not know whether
those mothers who continue with their educational career after
years of break share the same characteristics with those who
Table 4 Crude and adjusted relative risk (RR)a of postneonatal mortality by maternal education
Maternal
education
in years
Denmark Finland Norway Sweden
Crude
RR
95% CI Adj.
RR
95% CI Crude
RR
95% CI Adj.
RR
95% CI Crude
RR
95% CI Adj.
RR
95% CI Crude
RR
95% CI Adj.
RR
95% CI
1981–85
<10 1.55 1.29–1.87 1.42 1.17–1.71 1.77 1.42–2.21 1.62 1.29–2.02 1.63 1.36–1.95 1.50 1.25–1.81
10–12 1.08 0.89–1.31 1.05 0.87–1.28 1.29 1.08–1.53 1.23 1.04–1.47 1.22 1.05–1.41 1.18 1.02–1.37
13 or more 1.00 1.00 1.00 1.00 1.00 1.00
1986–90 1987–90
<10 1.96 1.65–2.32 1.71 1.43–2.03 1.82 1.43–2.31 1.7 1.33–2.17 2.19 1.77–2.71 1.95 1.57–2.42 1.61 1.34–1.93 1.45 1.21–1.74
10–12 1.11 0.93–1.33 1.08 0.91–1.29 1.13 0.91–1.40 1.11 0.89–1.37 1.35 1.15–1.58 1.28 1.09–1.51 1.20 1.04–1.38 1.18 1.02–1.35
13 or more 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1991–95
<10 2.39 1.91–2.99 2.25 1.80–2.83 3.08 2.36–4.03 2.85 2.16–3.75 2.57 1.85–3.57 2.30 1.65–3.20 2.26 1.86–2.76 2.06 1.68–2.51
10–12 1.18 0.94–1.48 1.19 0.95–1.48 1.81 1.43–2.31 1.77 1.39–2.26 1.70 1.35–2.15 1.62 1.28–2.05 1.18 1.00–1.39 1.15 0.98–1.36
13 or more 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1996–00
<10 2.32 1.77–3.04 2.34 1.78–3.08 1.8 1.31–2.47 1.58 1.14–2.20 2.94 1.88–4.59 2.70 1.72–4.24 2.57 1.93–3.42 2.49 1.87–3.33
10–12 1.26 0.97–1.63 1.28 0.98–1.66 1.39 1.07–1.81 1.33 1.02–1.73 2.14 1.59–2.88 2.07 1.53–2.80 1.47 1.16–1.86 1.44 1.13–1.82
13 or more 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
a: Adjusted for maternal age and parity
95% confidence intervals for crude and adjusted RR. All live-born singletons with gestational age 22 weeks or more in Denmark,
Finland, Norway and Sweden 1980–2000
Table 3 Crude and adjusted relative risk (RR)a of neonatal mortality by maternal education.
Maternal
education
in years
Denmark Finland Norway Sweden
Crude
RR
95% CI Adj.
RR
95% CI Crude
RR
95% CI Adj.
RR
95% CI Crude
RR
95% CI Adj.
RR
95% CI Crude
RR
95% CI Adj.
RR
95% CI
1981–85
<10 1.35 1.15–1.58 1.32 1.12–1.55 1.41 1.15–1.73 1.38 1.12–1.70 1.24 1.08–1.43 1.26 1.09–1.45
10–12 1.15 0.99–1.35 1.15 0.98–1.34 1.17 1.00–1.36 1.16 0.99–1.35 1.06 0.94–1.18 1.07 0.95–1.19
13 or more 1.00 1.00 1.00 1.00 1.00 1.00
1986–90 1987–90
<10 1.30 1.12–1.52 1.30 1.11–1.51 1.24 1.02–1.51 1.23 1.01–1.50 1.96 1.58–2.42 1.91 1.54–2.36 1.48 1.27–1.72 1.49 1.28–1.74
10–12 1.18 1.02–1.35 1.18 1.03–1.36 1.11 0.95–1.30 1.11 0.95–1.30 1.21 1.03–1.41 1.20 1.03–1.41 1.20 1.07–1.35 1.23 1.09–1.38
13 or more 20 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1991–95
<10 1.62 1.38–1.90 1.67 1.41–1.97 1.57 1.30–1.89 1.57 1.29–1.90 1.53 1.19–1.97 1.52 1.18–1.96 1.32 1.11–1.57 1.35 1.13–1.61
10–12 1.13 0.97–1.32 1.17 1.00–1.36 1.31 1.13–1.52 1.33 1.14–1.54 1.12 0.96–1.32 1.15 0.98–1.35 1.19 1.05–1.34 1.24 1.09–1.40
13 or more 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1996–00
<10 1.50 1.27–1.78 1.53 1.29–1.82 1.24 0.99–1.55 1.27 1.01–1.60 1.46 1.05–2.02 1.43 1.03–1.99 1.21 0.96–1.52 1.24 0.98–1.58
10–12 1.12 0.96–1.31 1.15 0.98–1.34 1.09 0.92–1.30 1.11 0.93–1.32 1.23 1.02–1.47 1.24 1.03–1.49 1.09 0.93–1.28 1.15 0.98–1.35
13 or more 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
a: Adjusted for maternal age and parity
95% confidence intervals for crude and adjusted RR. All live-born singletons with gestational age 22 weeks or more in Denmark,
Finland, Norway and Sweden 1981–2000
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Sweden, 1981–2000
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continue their educational career on continuous basis.
However, in Finland and Denmark we were able to repeat
the study by measuring maternal education the year before
birth, and we observed only minor changes in the estimates.
Therefore, and also because of the increased maternal age, we
find it unlikely that our results are seriously biased.
Different measures of inequality complement each other as
indicators of inequality trends.16 The RD measures the
absolute difference in mortality rates between mothers with
low and high education, while the RR measures the relation
between two groups. The RII was the only measure used that
explicitly allows for the changes in the distribution of
educational levels, and measures the difference between
subjects at the top and bottom of the educational hierarchy.
The overall level of education increased over time, and the
number of low educated mothers and their proportions of all
mothers have therefore decreased during the study period.
Thus, we considered that both absolute and relative measures
are important to consider in the context of this study.
Socioeconomic status (SES) can be measured by income,
educational level or by the status on the occupational hierarchy
(i.e. social class). Our dataset include educational level, income
and classifications according to the SES. However, national tax
and social benefit system and policies vary, and each county
has their own social class schemes. In addition, these variables
are mostly only available from Censuses (every 5th or 10th
year). In case only one social indicator can be chosen, the level
of education is recommended in many circumstances, because
it is easy to measure and is considered to be a very important
health determinant.16 Previous research has shown that
maternal education has a great importance also for pregnancy
outcomes.17,18
It is well known that education is an indicator of social,
environmental and cultural conditions. Also the acquisition of
health related knowledge, optimized use of health services and
willingness to invest in human capital differ according to level
of education.19 High education may act through the promotion
of high self esteem and self efficacy and the ability to solve
problems.20 Disadvantageous groups are more exposed to dif-
ficult life events or difficult life conditions, and have less social
support to limit the impact of such stressors.21–23 Due to the
overall increased level of education in the population, there are
reasons to believe that mothers with less than 10 years of
education has become a more selected group in several ways in
the late 1990s compared with one or two decades earlier. These
women may have the highest occurrence of negative lifestyle
factors associated with infant mortality, such as poor living
conditions, poor nutrition, smoking and substance use.
Neonatal deaths have been linked to the quality of obstetric
and neonatal care, including availability of experienced staff
around the time of birth. Neonatal deaths are attributable to
prematurity, birth defects and other diseases and conditions of
the newborn. Totally or almost free prenatal, obstetric and
infant health care is available for all, and the utilization of these
services is very high in the Nordic population. Work-related
psychological strain seems to be smaller in countries with
highly developed social support systems, and occupations with
especially high workload and health hazards have declined
during the study period.24,25 Thus, the assumption is close that
socioeconomic factors have a less influence on neonatal
mortality compared with deaths in later periods, and that
high quality obstetric health services and the provision of
social welfare services somewhat override social inequalities.
However, the obtained differences in neonatal mortality by
maternal education (the lowest educated had 19–72% higher
risk compared with the highest educated) as well as differences
between Denmark and the other Nordic countries indicate that
the results may not only be explained by differences in quality
of care. Other social differences, including risk of preterm birth
and risk factors for preterm birth and neonatal mortality, such
as smoking and genital infections may be alternative
explanations.24,26,27
Postneonatal mortality have repeatedly been reported to be
more closely associated with SES than neonatal mortal-
ity.1,5,7,28 The causes of death differ between newborns and
older infants. In Norway the social inequality has widened for
postneonatal deaths caused by sudden infant death syndrome
(SIDS) and infections from the 1970s to the 1990s.29 It is
intriguing to consider how the causes of death might differ
between the Nordic countries in different education groups.
Structural changes have taken place in all four Nordic
countries in the period under study.Sweden and especially
Finland faced a serious economic recession in the early 1990s.
In this period the unemployment rate in Finland jumped from
3–4% to 17% and in Sweden from 2–3% to 8%. It is likely that
this recession affected the everyday life of people.24 The
absolute and relative risk differences between mothers with low
and high education in both neonatal and postneonatal
mortality were especially high in Finland in the period
1991–95. In Sweden the absolute RD in the postneonatal
period was also highest in this time period. The unemploy-
ment level in Denmark was already relatively high in the early
1980s, rose again in somewhat in the early 1990s, but cannot
compare with the sudden and dramatic changes in Finland and
Sweden. Although unemployment also increased in Norway, it
remained clearly below the levels found in the other Nordic
countries. However, the RD in postneonatal mortality between
mothers with low and high education was especially high in
Denmark and Norway in 1986–90, the same period for the
peak of unemployment in these countries.4,25
At the time of economic recession, infant mortality
decreased more for infants whose mothers had highest educa-
tion, whereas the mortality level decreased much less or even
increased for mothers with lowest education, resulting in very
high educational differences at that period. In our study,
however, we cannot address whether these changes in risks were
the effect of the economic recession or some other factors.
The structural inequalities between the countries cannot
satisfactory explain the pattern of the social gradient in infant
deaths from 1981 to 2000, and infant death might not be the
best indicator of the general health conditions and the welfare
arrangements of a society when the risk of infant death is low.
Nevertheless, data from Finland shows that the relationship
between educational level and infant mortality might not be
independent from structural factors at a societal level.
However, the decreased absolute and relative differences in
neonatal mortality in Finland and Sweden and the increasing
social gradient in postneonatal mortality, foremost pro-
nounced for Norway (measured by RR and RII), implies a
need for a broader examination of public health performances
for specific marginalized groups. The two decades under study
were turbulent as regards to structural changes, economic
conditions and the occupational structures, which likely
intertwined with the continuing marginalization process.
Thereby, postneonatal death might be the most important
indicator reflecting individual conditions rather than societal
structural phenomena.
Conclusion
In summary, this population-based longitudinal study con-
firms the known association between education and infant
mortality. Also, it underlines the importance of distinguishing
between neonatal- and postneonatal mortality and of using
different risk measures in social epidemiology. Finally, it shows
that important socially patterned inequalities persist even in
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populations with a very low level of neonatal and postneonatal
mortality.
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Key points
 The risk of infant death decreased considerably in all
educational groups in the Nordic countries in the
period 1981–2000.
 The inverse associations between maternal education
and risks of neonatal and postneonatal mortality
persist throughout the period of observation.
 For postneonatal mortality, the relative differences by
maternal education increased over time, whereas the
absolute differences decreased
 For neonatal mortality, the absolute and relative
differences by maternal education decreased in
Finland and Sweden, both differences increased in
Denmark, whereas in Norway the absolute differences
decreased and the relative differences increased.
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